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Objectives: To review the sensitivity of duplex scanning and angiography at detecting vein graft stenoses in patients 
on a graft surveillance programme. 
Design: Prospective, open, non-randomised study. 
Patients and methods: Since February 1993, 143 patients with 148 grafts (70% in situ, 30% reversed) have attended 
postoperative infrainguinal vein graft surveillance for a minimum of 6 weeks. Fifty-seven graft stenoses in 57 grafts were 
identified by duplex scanning as a localised high velocity jet. Angiography was performed in all except 12 patients. 
Results: Angiography confirmed a duplex abnormality in all but 10 patients. Of these, five patients remain stable and 
asymptomatic with a persisting duplex abnormality. The remaining five patients, although asymptomatic, exhibited isease 
progression on duplex and surgical intervention confirmed significant stenoses, which were successfully treated. 
Conclusion: The results uggest hat duplex scanning is a reliable imaging modality for detecting vein graft stenoses. 
Selection for surgical correction can be made, in some circumstances onthe basis of clinical and ultrasound criteria alone. 
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Background 
Autologous aphenous vein of acceptable quality 1'2 is 
the conduit of choice for infrainguinal arterial re- 
construction with cumulative patency rates of 60-70% 
at 5 years. 3 However, secondary patency rates fall 
to between 19 and 28% following thrombectomy or
thrombolysis. 4'5Graft surveillance programmes have 
been implemented inmany centres to improve patency 
rates by screening for impending occlusions. Although 
no large randomised controlled trial has been pub- 
lished, 6the success of these programmes at reducing 
the incidence of graft failure, improving long-term 
patency rates 3and averting the need for amputation 
has established them as cost-effective undertakings. 7 
However, there is still debate about which screening 
modality provides optimal results in terms of sensi- 
tivity, specificity, reproducibility and resource al- 
location 3'7-9 and concerning the duration of 
surveillance. 1° Angiography is usually able to dem- 
onstrate morphology well, and Szilagyi used this mod- 
ality in early studies to describe six types of structural 
anomaly in grafts. 11 He and others suggested that 
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angiography may be the "gold standard" against 
which other methods of detecting raft defects are 
compared, 9 and that many lower cost and relatively 
non-invasive techniques are less accurate at defining 
vein graft stenoses. The measurement of ankle pres- 
sures, with or without exercise induced changes, is 
the quickest and least invasive method -that has been 
studied for its potential as a screening technique, but 
investigators have recorded that in 50-80% of cases 
significant stenoses may be missed. I2-14 More problems 
with the use of ankle pressure measurements for graft 
surveillance are highlighted when it is considered that 
one-third or more of cases undergoing infrainguinal 
arterial reconstruction are diabetics, ~5 many of whom 
have incompressible vessels at the ankle. 
Duplex scanning has been shown to be extremely 
effective at diagnosing lesions near the proximal ana- 
stomosis or in the body of grafts 9'16 and with the 
necessary expertise and equipment this modality can 
detect problems more distally. Duplex scanning has 
been reported as having a 100% sensitivity at detecting 
vein graft strictures comparing favourably with clinical 
methods (11% sensitivity) and intravenous angio- 
graphy (83% sensitivity). 3 This study reviews the recent 
experience of vein graft surveillance at the Bristol 
Royal Infirmary and reports cases in which angio- 
graphy was unable to demonstrate vein graft lesions 
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Table 1. Posit ion of stenoses. 
Site of stenoses No. of grafts 
Proximal anastomosis 15 
Distal anastomosis 14 
Body of graft 23 
Inflow/outflow 5 
Total 57 
where duplex scanning suggested a significant velocity 
shift. The wider issues of when and how to intervene 
in surveillance detected graft lesions are not addressed 
in this report but are the subject of ongoing audit. 
Patients and Methods 
Over a 44-month period, between February 1993 and 
September 1996, 143 patients with 148 infrainguinal 
vein grafts were included on a graft surveillance pro- 
gramme (GSP) at the Bristol Royal Infirmary. Seventy 
per cent were in situ vein grafts, 30% were reversed 
grafts. All patients undergoing infrainguinal arterial 
reconstruction during the period studied were con- 
sidered for inclusion in the GSP and were only ex- 
cluded from surveillance if they were unable to attend 
appointments. 
All patients had duplex scans performed by the 
same operator. Minimum follow-up was for 6 weeks 
and involved at least two duplex scans. Graft sur- 
veillance ranged from 6 weeks to 144 weeks. The mean 
age of patients at operation was 69 years (range 30-93) 
and the male to female ratio was 2:1. 
In this report we have defined a significant stenosis 
on duplex scanning as a focal velocity disturbance, 
designated by a V2/V1 ratio greater than 2.0, where 
V2 is the peak systolic velocity at a stenosis and V~ is 
the peak systolic velocity at any other non-stenosed 
point within 2cm, that is present on two consecutive 
occasions. Using this definition, if a significant stenosis 
was detected uring graft surveillance and the patient 
was considered fit for further intervention, an an- 
giogram was requested to confirm the duplex findings 
with the potential to treat a significant stenosis with 
balloon angioplasty. The angiograms were reviewed 
at a weekly meeting between surgeons, radiologists 
and vascular laboratory staff. 
Results 
Forty-five patients (31%) had angiograms following 
detection of a stenosis on graft surveillance. The po- 
sition of stenoses i  shown in Table 1. In 77% of cases 
Fig. 1. Duplex scan demonstrating a significant velocity shift n an 
infrainguinal vein graft. 
angiography confirmed the duplex findings. Eight of 
nine patients underwent successful angioplasty. One 
dilation failed and the graft later occluded. In four 
patients further intervention was considered to be too 
high risk and at follow-up one of these grafts has 
occluded. Fourteen patients have undergone suc- 
cessful revisional surgery and in six patients in whom 
conservative management was decided upon the le- 
sions have not progressed on follow-up. 
In 10 grafts careful biplanar digital subtraction 
angiography did not suggest significant stenosis de- 
spite being suggested by Velocity increases on duplex 
scanning (Figs I and 2). On continued uplex follow- 
up five of these patients had stable V2/V1 ratios. In 
the other five patients the velocity shift increased with 
time. All those with progressive lesions underwent 
surgical intervention despite negative angiography 
and all were discovered to have stenoses affecting the 
graft (Fig. 3), four caused by retained valve cusps and 
one by intimal thickening. All were treated by removal 
of the valve cusp, if present, via an arteriotomy, which 
was closed around a vein patch; postoperatively, pat- 
ency was confirmed, along with abolition of high 
velocity signals. 
Discussion 
There is current debate as to how best to utilise the 
technological dvances in vascular imaging for graft 
surveillance. It has long been suggested that, as an 
imaging modality for lower limb arterial disease, du- 
plex ultrasonography as both practical and theoretical 
advantages over arteriography. 17'18 Recently published 
work suggests that duplex imaging can safely replace 
diagnostic arteriography in 97% of lower limbs with 
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Fig. 2. Angiogram reported as no significant stenosis seen. Arrow 
shows the site of stenosis suggested by uplex and confirmed at 
operation. 
Fig. 3. Operative photograph, prior to patch angioplasty, showing 
site of stenosis not seen on angiography. 
arterial disease. 19 Our present study suggests duplex 
may be superior to arteriography in lower limb graft 
surveillance. 
The case for arterial vein graft surveillance has not 
been unequivocally proven. 6Some suggest hat most 
stenoses remain patent whether or not intervention 
occurs, 2° while other authors report that although pa- 
tency may be improved by surveillance, limb salvage 
is not. 21 Graft occlusion does not always result in 
amputation and there are inter- and intraobserver 
variations with duplex imaging. A large randomised 
controlled trial is a theoretical way to enlighten the 
discussion about graft surveillance, but is dogged with 
ethical issues as well as logistic problems ince centres 
are unable to agree on the opt imum form of sur- 
veillance 22"23 or the end points and outcome measures 
of a surveillance programme. These issues need to be 
addressed first in order to prove scientifically how 
best to implement a graft surveillance programme. 
Despite the lack of definitive scientific evidence 
many centres including our own practice graft sur- 
veillance. The sensitivity, specificity and re- 
producibility of the techniques used, as well as the 
cost and acceptability to the patient, are major de- 
terminants of which method of surveillance is im- 
plemented. Clinical examination and ankle pressures 
assessment, with or without exercise induced vari- 
ation, are economical but are insensitive in predicting 
which grafts are at risk. Angiography is historically 
recognised as the investigation of graft anomaly 
against which other methods must be compared but 
is invasive, time-consuming and carries inherent risks, 
all of which discount its use as a screening procedure. 
In recent years duplex scanning has supplanted 
arteriography for the detection of graft stenoses. The 
success of graft surveillance depends on the iden- 
tification of all at-risk grafts and failure to intervene 
in appropriate cases will significantly impair the ef- 
ficacy of surveillance. Experience from our graft sur- 
veillance programmes has led us to conclude that X- 
ray contrast angiography does not identify all at- 
risk grafts and that some patients in whom there is 
progression of disease identified by duplex, even in the 
absence of confirmatory angiography, should ndergo 
intervention on the basis of duplex alone perhaps 
assisted by magnetic angiography. 
Acknowledgements 
Mr David R. Lewis is supported by a research grant from the Royal 
College of Surgeons of England. 
References 
1 PANETTA TF, MARIN ML, VEITH FJ et al. Unsuspected saphenous 
vein disease: an unrecognised cause of vein bypass failure. J 
Vasc Surg 1992; 15: 102-112. 
Eur J Vasc Endovasc Surg VoI 15, May 1998 
Correction of Duplex Detected Velocity Shifts 397 
2 WILSON YG, DAVIES AH, CURRIE IC, MCGRATH C, MORGAN M, 
SHEFFIELD E, BAIRD RN, LAMONT PM. Angioscopy for quality 
control of saphenous vein during bypass grafting. Eur J Vasc 
Endovasc Surg 1996; 11: 12-18. 
3 MOODY P, GOULD DA, HARRIS PL. Vein graft surveillance im- 
proves patency in femoropopliteal bypass. Eur J Vasc Surg 1990; 
4: 117-121. 
4 COHEN JR, MANNICK JA, COUCH NP, WHITTEMORE AD. Re- 
cognition and management of impending vein-graft failure. 
Importance for long-term patency. Arch Surg 1986; 121: 758-759. 
5 BELKEN IV[, DONALDSON MC, WHITTEMORE AD et al. Observations 
of the use of thrombolytic agents for thrombotic occlusions of 
infrainguinal vein grafts. ] Vasc Surg 1990; 11; 289-296. 
6 BEATTIE DK, GREENHALGH RIVI, DAVIES AH. Vein graft sur- 
veillance: is the case proven? Ann R Coll Surg Engl 1997; 79: 1-2. 
7 DUNLOP P/ I-~ARTSHORNE T, BOLIA A, BELL PRF, LONDON NJM. 
The long-term outcome of infrainguinal vein graft surveillance. 
Eur J Vasc Endovasc Surg 1995; 10: 352-355. 
8 WYATT MG, MUIR RM, TENNANT wn,  SCOTT DJA~ BAIRD RN/ 
HORROCKS M. fmpedence analysis to identify the risk of femoro- 
distal graft, f Vasc Surg 1991; 13: 284-293. 
9 HARRIS PL. Vein graft surveillance - all part of the service. Br J 
Surg 1992; 79: 97-98. 
10 ERICKSON CA, TOWNE JB, SEABROOK GR, FREISCHLAG JA, CAM- 
BRIA RA. Ongoing vascular laboratory surveillance is essential 
to maximize long-term in situ saphenous vein bypass patency. J 
Vasc Surg 1996; 23: 18-26. 
11 SZILAGYI DE, ELIOTT JP, HAGLESMAN JH, SMITH RE/SALLOLOMO 
CA. Biological fate of autologous vein implants as arterial sub- 
stitutes. Ann Surg 1973; 178: 232-246. 
12 WOLF~ JHN, THOMAS ML, JAMIESON CW, BROWSE NL, BURNAND 
KG, RUTT DL. Early diagnosis of femorodistal graft stenosis. Br 
J Surg 1987; 74: 268-270. 
13 McSHAN~ MD, GAZZARD VM, CLIVORD PC, HUMPHRIES KN, 
WEBSTER JHH, CHANT ADB. Duplex ultrasound monitoring of 
arterial grafts: prospective evaluation in conjunction with ankle 
pressure indices after femorodistal bypass. Eur J Vasc Surg 1987; 
1: 385-390. 
14 MILLS JL, HARRIS JE, TAYLOR LM, BECKETT WC, PORTER JM. The 
importance of routine surveillance of distal bypass grafts with 
duplex scanning: a study of 379 reversed vein grafts. J Vasc Surg 
1990; 12: 379-389. 
15 WILSON YG, DAVIES AH, CURRIE IC, MORGAN M, MCGRATH C, 
BAIRD RN, LAMONT PM. Vein graft stenosis: incidence and 
intervention. Eur J Vasc Endovasc Surg 1996; 11: 164-169. 
16 GRIGG MJ, NICOLAIDES AN, WOLE~ JHN. Detection and grading 
of femorodistal vein graft stenoses: duplex velocity meas- 
urements compared with angiography. J Vasc Surg 1988; 18: 
661-666. 
17 STRANDNESS DE JR, SCHULTZ RD, SUMMER DS, RUSHMER RF. 
Ultrasonic flow detection. A useful technique in the evaluation 
of peripheral vascular disease. Am J Surg 1967; 113: 311-319. 
18 PEMBERTON M, LONDON NMJ. Colour flow duplex imaging of 
occlusive arterial disease of the lower limb. Br J Surg 1997; 84: 
912-919. 
19 PEMBERTON M, NYDAHL S, HARTSHORNE T, NAYLOR AR~ BELL 
PRF, LONDON NJM. Colour-coded uplex imaging can safely 
replace diagnostic arteriography in patients with lower-limb 
arterial disease. Br J Surg 1996; 83: 1725-1728. 
20 MATTOS MA, VAN BEMMELLEN RJ, HODGSON DE, RAMSAY LD, 
SUMNER DS. Does correction of stenosis identified with colour 
Doppler studies improve infrainguinal patency? J Vasc Surg 1995; 
21: 26-34. 
21 GOLLEDGE J, BEATTIE DK, GREENHALGH RIVI, DAVIES AH. Have 
the results of infrainguinal bypass improved with the widespread 
utilisation of postoperative surveillance. Eur J Vasc Endovasc Surg 
1996; 11: 388-392. 
22 DASLING CD, CIKRET DK, LALKA SG, SAWCItUK AP, SCHULZ C. 
Femorodistal vein grafts: the utility of graft surveillance criteria. 
J Vasc Surg 1995; 21: 127-135. 
23 PASSMAN MA, MONETA GL, NEHLER MR, TAYLOR LM, EDWARDS 
JM, YEAGER RA, MCCONNELL DB, PORTER JM. Do normal early 
color-flow duplex surveillance xaminations results of infra- 
inguinal vein grafts preclude the need for late graft revision. J 
Vasc Surg 1995; 22: 476-484. 
Accepted 4 November 1997 
Eur J Vasc Endovasc Surg Vol 15, May 1998 
